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ABSTRACT
According to most literature sources, the amplitude of the pulsational variability observed in γ
Doradus stars does not exceed 0.1mag in Johnson V . We have analyzed fifteen high-amplitude
γDoradus stars with photometric peak-to-peak amplitudeswell beyond this limit, with the aim
of unraveling the mechanisms behind the observed high amplitudes and investigating whether
these objects are in any way physically distinct from their low-amplitude counterparts. We
have calculated astrophysical parameters and investigated the location of the high-amplitude
γ Doradus stars and a control sample of fifteen low-amplitude objects in the logTeff versus
log L/L⊙ diagram. Employing survey data and our own observations, we analyzed the pho-
tometric variability of our target stars using discrete Fourier transform. Correlations between
the observed primary frequencies, amplitudes and other parameters like effective temperature
and luminosity were investigated. The unusually high amplitudes of the high-amplitude γ Do-
radus stars can be explained by the superposition of several base frequencies in interaction
with their combination and overtone frequencies. Although the maximum amplitude of the
primary frequencies does not exceed an amplitude of 0.1mag, total light variability ampli-
tudes of over 0.3mag (V) can be attained in this way. Low- and high-amplitude γ Doradus
stars do not appear to be physically distinct in any other respect than their total variability
amplitudes but merely represent two ends of the same, uniform group of variables.
Key words: stars: oscillations – stars: variables: general
1 INTRODUCTION
The γ Doradus and δ Scuti stars are pulsating variables that are sit-
uated in the region of the A and F-type main sequence stars. For
convenience, they are referred to hereafter as, respectively, GDOR
and DSCT stars, according to their designations in the General Cat-
alogue of Variable Stars (GCVS; Samus et al. 2009). In contrast
to the long-known and very well studied DSCT stars (Fath 1935;
Breger 2000), the variability of GDOR stars was discovered rela-
tively recently. They were identified as a new class of variables by
Balona et al. (1994) and defined as such by Kaye et al. (1999).
The GDOR stars are characterized by high-order, low-degree,
non-radial gravity (g) mode pulsation (Kaye et al. 1999), which
is thought to be driven by the convective flux blocking mech-
anism (Guzik et al. 2000; Dupret et al. 2005). They are encoun-
tered between spectral types A7 and F7 (GCVS), although other
sources have shifted the red border of the GDOR instability strip to
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somewhat hotter temperatures. Balona et al. (2011), for instance,
find most GDOR stars in the effective temperature range from
6500< Teff <7000K, corresponding to spectral types F1 to F5 on
the main sequence, while Bradley et al. (2015) find all of their
GDOR candidates between 6100< Teff <7500K. However, it has
been shown that there are also hot GDOR stars, which are lo-
cated between the red edge of the Slowly Pulsating B star and the
blue edge of the GDOR star instability strips (Balona et al. 2016;
Kahraman Alic¸avus, et al. 2020).
GDOR and DSCT stars can be distinguished by the timescales
of the observed variability, although the instability strips for both
classes overlap and hybrid-types exist (e.g. Henry & Fekel 2005).
Several different classification systems are found in the literature.
According to the GCVS, GDOR stars exhibit variability in the
period range of 0.3≤P≤ 3 d (0.33≤ f ≤ 3.33 d−1) (cf. Kaye et al.
1999), while DSCT stars are encountered in the period range of
0.01≤ P≤ 0.2 d (5≤ f ≤ 100 d−1). Based on an analysis of high-
precision Kepler photometry, Grigahce`ne et al. (2010) proposed
a division into ’pure’ DSCT stars ( f > 5 c/d), ’pure’ GDOR stars
c© 2020 The Authors
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( f < 5 c/d), and hybrid-types exhibiting variability in both fre-
quency regimes. While hybrid-type pulsators are mostly discov-
ered in ultra-precise space photometry, their frequency of oc-
currence (∼25% of the sample of Uytterhoeven et al. 2011) has
made clear that the situation is complex and the traditional clas-
sification scheme might be in need of revision. The understand-
ing and relationship of DSCT and GDOR pulsators is currently
in flux (e.g. Grigahce`ne et al. 2010; Uytterhoeven et al. 2011;
Balona et al. 2011; Balona 2012; Balona 2018; Antoci et al. 2019).
Using Kepler data, Balona et al. (2011) described three
groups of distinct GDOR star light curves. Two of these groups
show pronounced beating effects. These are the SYM stars, which
show more or less symmetric light curves, and the ASYM stars,
whose light curves are asymmetric in the sense that the beat am-
plitude is larger when the star is brighter, which results in large
variations in maximum brightness but only small variations in min-
imum brightness. The third group is made up of the MULT stars,
which are characterized by many low-amplitude peaks that do not
lead to pronounced beating in the light curve.
Kaye et al. (1999) indicate a photometric peak-to-peak ampli-
tude1 of up to 0.1mag in Johnson V for GDOR variables. This limit
has been widely accepted and is found throughout the literature and
variability catalogues, like e.g. the International Variable Star Index
of the AAVSO (VSX; Watson 2006). The GCVS somewhat softens
this statement, indicating that peak-to-peak amplitudes are usually
up to 0.1mag. In fact, at the time of this writing (March 2020), only
24 out of the 924 GDOR variables contained in the VSX are listed
with amplitudes exceeding 0.1 mag, and the knowledge on these
objects is limited.
This paper presents a detailed investigation of fifteen high-
amplitude (Vamp > 0.1mag) GDOR (referred to hereafter for conve-
nience as HAGDOR = High-Amplitude Gamma DORadus) stars
with survey data and our own observations, with the aim of un-
raveling the mechanisms behind the observed high amplitudes and
investigating possible systematic differences between the group of
the regular (Vamp ≤ 0.1mag) GDOR stars and the HAGDORs.
2 TARGET STARS AND ASTROPHYSICAL
PARAMETERS
2.1 Target selection
The VSX was chosen as first source for selecting our initial sample
stars as it is the most current and accurate variable star database
available. At the time of this writing, it listed a total of 24 GDOR
stars out of 924 stars with amplitudes exceeding 0.1mag – in-
cluding KIC 8113425, which was analyzed in detail by Kurtz et al.
(2015). Ten of these objects boasted suitable photometric time se-
ries data allowing further detailed analyses and were hence se-
lected for our sample. The stars KIC 7448050, KIC 6953103 and
KIC 7304385, erroneously listed in the VSX with amplitudes less
than 0.1mag, were subsequently identified as HAGDOR stars and
also included into our sample. As these examples illustrate, we sus-
pect that, on detailed analysis, more low-amplitude GDOR stars
listed in the VSX will likely turn out to be HAGDOR stars. Ampli-
tude determination in these objects, which often show pronounced
beating effects in their light curves, is not easy and prone to errors.
An investigation into this matter, however, is beyond the scope of
1 In this paper, unless indicated otherwise, amplitude always refers to peak-
to-peak amplitude.
Figure 1. Response functions of the Johnson V , Kepler and
TESS passbands. Data have been gleaned from Johnson & Morgan
(1951), Ricker et al. (2014) and the Kepler Instrument Handbook
(https://keplerscience.arc.nasa.gov/).
the present paper. Finally, two more HAGDORs (HD33575 and
HD211394) were identified in a systematic search among unclas-
sified variables of suitable spectral type in the VSX. Both objects
exhibit very large peak-to-peak amplitudes of more than 0.3mag
(V). In total, our final HAGDOR sample consists of 15 stars show-
ing light change amplitudes in excess of 0.1mag (V). Table 1 pro-
vides essential data for these objects.
For the six HAGDOR stars having both broadband Kepler
(Kp) data and V-band data from the All-Sky Automated Survey
for Supernovae (ASAS-SN; cf. Section 3), we calculated and com-
pared semi-amplitudes in the different passbands and found that
Amp(V) /Amp(Kp)= 1.08(5). Assuming a colour-amplitude ratio
of ∼1.25 for GDOR stars (Handler & Shobbrook 2002) and em-
ploying the relations for the calibration of Kpmagnitudes given by
Brown et al. (2011), we estimate Amp(V) /Amp(Kp)= 1.065(20),
in line with the above mentioned result. We have therefore adopted
Amp(V) /Amp(Kp)= 1.07(3) for the purposes of the present study.
Reduced peak-to-peak amplitudes in Kepler data are ex-
pected, as photometric pulsation amplitudes in early-type stars gen-
erally decrease with increasing wavelength, and the Kepler pass-
band covers the wavelength range from 420-900 nm, with peak
transmission at around 600 nm (cf. Section 3.3). As only one sam-
ple star boasts TESS data (HD17721), a similar estimation of the
relationship between Amp(V) and Amp(TES S ) was not possible.
However, we expect that pulsation amplitudes will be even more re-
duced in the redder TESS passband (600-1000 nm; cf. Section 3.4).
This is in line with the results of Antoci et al. (2019), who inves-
tigated DSCT and GDOR stars with TESS data and estimated that
pulsation amplitudes derived from TESS data only reach 74(1)% of
those derived from Kepler data. Using Amp(V) /Amp(Kp)= 1.07,
we estimate Amp(V) /Amp(TES S )= 1.44(4). The response func-
tions of the Johnson V , Kepler and TESS passbands are shown in
Fig. 1.
To investigate systematic differences between the groups of
HAGDOR and GDOR variables, a control sample of regular GDOR
stars was selected from the VSX using the following criteria: (1)
light change amplitudes of 0.05≤V≤ 0.1mag, (b) the availability
MNRAS 000, 1–15 (2020)
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Figure 2. Comparison of the reddening (upper panel), effective temperature
(middle panel), and luminosity (lower panel) values derived in this paper
(ordinate values; Table 2) and from GAIA DR2 (abscissa values). Filled
and open circles denote HAGDOR and GDOR stars, respectively. Also in-
dicated are the unity lines.
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Figure 3. The log Teff versus log L/L⊙ diagram of our programme stars
(Table 2). The red border of the DSCT (solid line), and the GDOR (dot-
ted lines) instability strips are taken from Breger & Pamyatnykh (1998) and
Dupret et al. (2004), respectively. The zero-age main sequence (dashed line)
is taken from Claret (1995). Filled and open circles denote HAGDOR stars
and GDOR stars, respectively.
of high-precision photometric time series data of suitable length
that allow an in-depth analysis, (c) the availability of reliable astro-
physical parameters, and (d) similar effective temperatures to the
HAGDOR stars. The lower amplitude limit (1) was chosen because
of the limitations of the employed ground-based photometric time
series data (cf. also Section 3). Most GDOR stars in VSX have
listed amplitudes that fail to satisfy criterion (1); therefore only 20
stars were selected. The stars of the regular GDOR sample can be
gleaned from the lower part of Table 2.
2.2 Astrophysical parameters
Gaia DR2 (Gaia Collaboration et al. 2016, 2018; Arenou et al.
2018) includes effective temperatures, luminosities, and reddening
values for nearly all our sample stars. As a first step, we checked
the reliability of these parameters.
Effective temperatures were gleaned from the literature
(Ammons et al. 2006; McDonald et al. 2012; Pinsonneault et al.
2012; Huber et al. 2014; Munari et al. 2014; De Cat et al. 2015;
Frasca et al. 2016; Kunder et al. 2017), and mean values and stan-
dard errors were calculated. Unfortunately, for one HAGDOR star
(GSC02831-00348), no parameters are available in the above-
listed references. Reddening values were interpolated using the
maps published by Green et al. (2018). Distances and their errors
were derived from Gaia DR2 parallax data. Almost all our sample
stars are located within 1 kpc from the Sun. Therefore, reddening
is small but not negligible (AV < 0.2mag). The only exception is
the GDOR star GSC04281-00186, which is located in the Galactic
disk (l=−0.45◦).
To calculate luminosities of our sample stars, bolometric cor-
rections (B.C.) and relative magnitudes V were needed. B.C. values
are at a minimum for F-type stars (Pecaut & Mamajek 2013) and
do not significantly influence the luminosity calculation. Unfortu-
nately, no homogeneous source of V magnitudes is available for
all our target stars. Therefore, mean values of the magnitudes pub-
lished by Kharchenko (2001) and Henden et al. (2016) were cal-
culated and G magnitudes from Gaia DR2 were transformed. The
final mean astrophysical parameters are listed in Table 2.
Figure 2 shows a comparison between the values derived in
this paper and the values derived from Gaia DR2. It becomes ob-
vious that the Gaia reddening values are significantly larger than
those derived from the reddening maps (upper panel). As a con-
sequence, the corresponding luminosities are lower than the lumi-
nosities calibrated with the parallax data and the other observables
(lower panel). The situation for the effective temperatures (middle
panel) is different. With only three exceptions, all stars are located
on the unity line within the errors. For each of the three outliers,
only one effective temperature value is available in the literature.
Therefore, it is not possible to investigate the reason for, and es-
timate the significance of, the outlying positions in the diagram.
In consequence, for the following analyses, we have employed our
own luminosity values and effective temperatures from Gaia DR2
because the latter have been derived in a homogeneous way.
Figure 3 presents the log Teff versus log L/L⊙ diagram of our
sample stars. Also shown are the GDOR (Dupret et al. 2004) insta-
bility strip and the red border of the DSCT (Breger & Pamyatnykh
1998) instability strip. No obvious differences are seen between the
location of the GDOR and HAGDOR stars; both groups are well
distributed over the whole main sequence up to log L/L⊙ < 1.1. In-
terestingly, most stars are also located in the DSCT instability strip
but do not show any corresponding pulsations with a detectable
amplitude in the here employed photometric time series data.
MNRAS 000, 1–15 (2020)
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Table 1. Essential data for the sample HAGDOR stars, listed in order of increasing right ascension. The columns denote: (1) conventional identifier; (2)
alternative identification; (3) right ascension (J2000); (4) declination (J2000); (5) peak-to-peak amplitude; the corresponding data source is provided in
parentheses (A=ASAS-SN/A3=ASAS-3/K=Kepler/R=ROAD/T=TESS); (6) main period (d); (7) most recent spectral type from the literature. Positional
information was taken from Data Release 2 (DR2) of the Gaia satellite mission (Gaia Collaboration et al. 2016, 2018; Arenou et al. 2018). Information on the
relationship of the amplitudes in the different passbands can be gleaned from Section 2.1.
(1) (2) (3) (4) (5) (6) (7)
Object Alt. ID RA (J2000) Dec (J2000) Amp. (Source) Main per. (d) Spec. Type (lit)
GSC02831-00348 V0758And 02 22 20.479 +37 59 05.107 0.19 (A) 0.924655 n/a
HD17721 HIP 13089 02 48 15.087 −57 39 42.498 0.14 (A3), 0.144 (T) 1.087858 A9 V (Houk & Cowley 1975)
HD33575 NSV1858 05 10 21.600 −23 13 01.950 0.35 (A3), 0.35 (A) 1.293260 A9 V (Houk & Smith-Moore 1988)
HD50875 NSV3272 06 54 33.947 −11 23 29.468 0.22 (A3) 1.705329 F2 V (Wright et al. 2003)
HD85693 NSV18291 09 52 56.364 −26 45 20.219 0.17 (A3) 1.125952 F0 V (Houk 1982)
GSC09046-00646 ASAS J163451-6446.3 16 34 50.969 −64 46 18.299 0.21 (A3), 0.19 (A) 1.180647 n/a
HD150538 NSV20738 16 41 29.100 +06 16 33.387 0.21 (A3) 1.386903 F5 (Ochsenbein 1980)
KIC 3847822 TYC3134-2121-1 19 22 57.126 +38 58 18.167 0.16 (A), 0.169 (K) 1.204964 n/a
KIC 3441414 GSC03134-00901 19 23 21.727 +38 32 58.614 0.10 (A), 0.122 (K) 0.810700 F0 V (Gray et al. 2016)
KIC 7448050 ASAS J193103+4302.1 19 31 03.390 +43 02 06.368 0.19 (A), 0.182 (K) 0.877616 A9 IV-V (Gray et al. 2016)
KIC 6953103 2MASS J19325124+4228465 19 32 51.238 +42 28 46.505 0.24 (A), 0.249 (K) 0.776640 F0 V (this work)1
KIC8113425 2MASS J19474808+4354257 19 47 48.082 +43 54 25.727 0.14 (A), 0.164 (K) 2.325268 F0 V (Frasca et al. 2016)
KIC 7304385 ASAS J195052+4248.1 19 50 51.541 +42 48 06.015 0.14 (A), 0.146 (K) 0.787874 F5 (Skiff 2014)
HD211394 BD-17 6481 22 16 57.007 −16 59 03.156 0.32 (A3), 0.29 (R), 0.324 (K) 2.210397 F0 V (Bourge´s et al. 2014)
GSC02780-02174 TYC2780-2174-1 23 51 25.338 +37 10 27.924 0.13 (A) 0.943619 F0 V (this work)1
1 Derived from analysis of a publicly available LAMOST DR4 spectrum (Zhao et al. 2012; Cui et al. 2012).
Two objects deserve mention, which are situated well outside
the instability strips. These are the GDOR stars GSC04281-00186
and GSC09289-02186. According to its calibrated astrophysical
parameters, GSC09289-02186 is a G0V star. GSC04281-00186
is apparently a G-type giant situated in a significantly reddened
(AV = 1.4mag) region at a Galactic latitude of b≈ 0
◦. Never-
theless, even when neglecting reddening, we find the star still
far above the terminal-age main sequence. Using the standard
reddening correlation A(V)= 3.45A(J)= 5.89A(H)= 7.69A(Ks)
(Paunzen et al. 2017), the derived indices (J − H)0 =−0.115mag
and (H − Ks)0 =+0.040mag are typical for an early B-type star
(Straizˇys & Lazauskaite˙ 2009). However, Gaia DR2 colours (and
all others in the optical region) are typical for a G-type object.
Also, the derived effective temperature from Gaia DR2 is in
agreement with all other published values. The star’s status as
an evolved object, therefore, seems to be beyond doubt. This
is intriguing as giant stars are not expected to exhibit GDOR
pulsation. Both objects are further discussed in Section 4.3.
3 DATA SOURCES AND METHOD OF ANALYSIS
3.1 The ASAS-3 photometric archive
Phase 3 of the All Sky Automated Survey (ASAS-3) lasted from
2000 until 2009 (Pojman´ski 2002) and monitored the entire south-
ern sky and part of the northern sky (δ<+28◦). The ASAS-3 sys-
tem was situated at the 10-inch astrograph dome of the Las Cam-
panas Observatory in Chile and boasted two wide-field telescopes
equipped with f/2.8 200mmMinolta lenses and 2048 x 2048 AP 10
Apogee detectors. About 107 sources were monitored in the John-
son V passband. The ASAS-3 archive contains photometry for stars
in the magnitude range 7 <
∼
V <
∼
14; the most accurate photometry
was obtained for stars in the range of 8 <
∼
V <
∼
10, boasting a typi-
cal scatter of about 0.01mag (Pigulski 2014).
The long time baseline of almost 10 years renders the detec-
tion of periodic signals with very small amplitudes possible. For
instance, David et al. (2014) identified periodic variables with a
peak-to-peak amplitude of 0.01 – 0.02mag in the magnitude range
of 7 <
∼
V <
∼
10. According to Pigulski (2014), the detection of pe-
riodic signals in the frequency range of 0< f (d−1)< 40 with ampli-
tudes as low as about 5millimag (mmag) is possible.
3.2 The ASAS-SN photometric archive
The ASAS-SN survey is monitoring the entire visible sky ev-
ery night to a depth of V <
∼
17 mag (Shappee et al. 2014;
Kochanek et al. 2017). The available data span up to six years of
observations. As of end-2017, ASAS-SN observations are procured
at five stations, each consisting of four 14 cm aperture Nikon tele-
photo lenses. Observations consist of three dithered 90 s exposures
made through V (two stations) or g (three stations) band filters.
ASAS-SN saturates at 10 to 11mag, where the exact limit depends
on the camera and the image position (vignetting). However, a pro-
cedure inherited from the original ASAS survey is applied which
corrects for saturation but increases the noise in the affected data
sets (Jayasinghe et al. 2018).
3.3 The Kepler satellite photometric archive
The Kepler satellite was launched in March 2009, with the pri-
mary goal of detecting transiting exoplanets in the solar neigh-
bourhood. The spacebased photometer has a 0.95m aperture;
the detectors consist of 21 modules each equipped with two
2200x1024 pixel CCDs. Kepler provides single passband (420-
900 nm; Koch et al. 2010) light curves of micromagnitude preci-
sion, taken in long-cadence (29.5min) and short-cadence (58.5 s)
modes (Gilliland et al. 2010), and has discovered hundreds of
planet candidates (Borucki et al. 2010). The long, uninterrupted,
and high-precision time series photometry is ideally suited to the
study of multiperiodic pulsating stars (Tkachenko et al. 2012).
MNRAS 000, 1–15 (2020)
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Table 2. Mean astrophysical parameters of our target stars. The upper part of the table contains the HAGDOR stars, the lower part the GDOR stars. The
columns denote: (1) conventional identifier; (2) alternative identification; (3,4) absorption in V and G; (5) bolometric correction, (6) V magnitude and error;
(7,8) logarithmic effective temperature and error estimate; (9,10) logarithmic luminosity and error estimate.
(1) (2) (3) (4) (5) (6) (7) (8) (9) 10
Object Alt. ID AV AG B.C. V log Teff log Teff log L/L⊙ log L/L⊙
(our) (DR2) (our) (our) (our) (DR2) (our) (DR2)
GSC02831-00348 V0758And 0.11 0.55(39) +0.00 11.390(4) − 3.883(20) 0.80(3) 0.78(2)
HD17721 HIP 13089 0.00 0.56(35) −0.01 8.598(1) 3.852(5) 3.855(8) 0.78(2) 0.77(1)
HD33575 NSV1858 0.05 0.78(26) −0.01 9.708(2) 3.866 3.855(8) 0.84(2) 0.82(1)
HD50875 NSV3272 0.08 0.69(28) −0.01 8.521(2) 3.853 3.852(9) 0.87(2) 0.83(1)
HD85693 NSV18291 0.03 − −0.01 7.679(2) 3.839(1) 3.845(14) 0.92(2) 0.90(1)
GSC09046-00646 ASAS J163451-6446.3 0.22 0.62(31) −0.01 10.251(2) 3.822 3.843(6) 0.89(2) 0.80(1)
HD150538 NSV20738 0.22 1.08(29) −0.02 9.731(2) 3.830(28) 3.839(13) 1.02(2) 0.93(1)
KIC 3847822 TYC3134-2121-1 0.14 0.63(19) −0.01 11.866(1) 3.850(1) 3.861(16) 0.76(2) 0.72(1)
KIC 3441414 GSC03134-00901 0.16 0.48(38) −0.01 11.539(2) 3.855(11) 3.854(8) 0.83(3) 0.77(1)
KIC 7448050 ASAS J193103+4302.1 0.11 0.62(24) −0.01 11.838(2) 3.861(14) 3.860(8) 0.79(2) 0.76(1)
KIC 6953103 2MASS J19325124+4228465 0.19 0.36(26) −0.01 12.593(2) 3.854(11) 3.855(11) 0.75(3) 0.68(2)
KIC 8113425 2MASS J19474808+4354257 0.47 1.35(11) −0.04 13.931(1) 3.841(8) 3.820(16) 0.85(3) 0.67(3)
KIC 7304385 ASAS J195052+4248.1 0.14 0.78(25) −0.01 10.078(1) 3.847(18) 3.843(14) 0.85(2) 0.80(1)
HD211394 BD-17 6481 0.08 1.29(22) −0.04 9.306(3) 3.826(9) 3.822(3) 0.97(3) 0.92(1)
GSC02780-02174 TYC2780-2174-1 0.30 0.92(29) −0.02 11.754(2) 3.785 3.835(10) 0.78(3) 0.66(1)
HD18011 HIP 13494 0.14 0.55(17) −0.01 9.201(1) 3.852(10) 3.851(12) 0.84(2) 0.78(1)
CD-87 32 TYC9500-1039-1 0.13 − −0.03 10.283(1) 3.841 3.827(17) 0.88(2) 0.82(1)
BD-12 1502 NSV16873 0.11 0.59(23) −0.01 8.937(1) 3.848(4) 3.850(10) 0.81(2) 0.76(1)
EPIC 202072613 TYC1342-1962-1 0.03 0.12 0.18 0.00 11.276 0.001 3.852 3.873 0.006 0.66 0.02 0.67 0.01
CD-23 9345 TYC6620-698-1 0.08 0.47(24) −0.01 10.018(2) 3.837(10) 3.856(11) 0.81(2) 0.78(1)
HD124248 MUVir 0.00 0.38 0.26 -0.01 7.156 0.002 3.862 0.006 3.851 0.010 0.78 0.02 0.77 0.00
HD135825 INLib 0.00 0.40 0.22 -0.01 7.285 0.002 3.854 0.013 3.851 0.013 0.74 0.02 0.72 0.00
GSC08298-00090 TYC8298-90-1 0.50 0.82(39) −0.04 11.214(2) 3.826 3.815(6) 0.86(2) 0.65(1)
GSC09289-02186 V0366Aps 0.20 − −0.09 11.522(1) 3.814 3.775(5) 0.86(2) 0.76(1)
HD164615 V2118Oph 0.00 − -0.01 6.995 0.001 3.849 0.014 3.842 0.009 0.86 0.02 0.85 0.00
KIC 12643786 TYC3554-1916-1 0.08 0.59(40) +0.00 11.470(1) 3.855(18) 3.877(19) 0.88(2) 0.82(1)
KIC 11080103 2MASS J19185013+4837138 0.14 0.61(22) +0.00 12.875(1) 3.867(13) 3.885(17) 0.85(3) 0.77(2)
KIC 5105754 TYC3139-2577-1 0.16 0.53(42) −0.01 11.355(1) 3.847(11) 3.852(6) 0.88(2) 0.77(1)
KIC 4757184 TYC3139-499-1 0.19 − +0.00 11.777(1) 3.875(24) 3.871(9) 1.01(3) 0.91(2)
KIC 11920505 TYC3564-2927-1 0.05 0.48(30) −0.01 9.772(1) 3.836(13) 3.856(8) 0.79(2) 0.73(1)
KIC 11826272 BD+49 3115 0.19 0.78(26) −0.01 10.294(2) 3.852(22) 3.844(7) 0.94(2) 0.82(1)
HD187615 V1844Aql 0.03 0.55 0.22 -0.01 7.939 0.001 3.861 0.006 3.854 0.010 0.80 0.02 0.78 0.00
GSC09086-01560 TYC9086-1560-1 0.19 0.55(17) +0.00 11.229(2) 3.874(2) 3.871(9) 0.85(3) 0.79(1)
HD218225 DI Gru 0.09 − −0.01 8.724(1) 3.846(8) 3.849(10) 0.98(2) 0.93(1)
GSC04281-00186 TYC4281-186-1 1.40 1.65(40) −0.08 11.276(1) 3.757 3.783(7) 1.98(3) 1.40(2)
3.4 The TESS satellite photometric archive
The Transiting Exoplanet Survey Satellite (TESS) mission is a two-
year all-sky survey aiming at the discovery of transiting exoplanets
(Ricker et al. 2015). To this end, four MIT/Lincoln Lab CCDs with
4096x4096 pixels are employed (imaging area of 2048x2048 pix-
els; the remaining pixels are used as a frame-store to allow rapid
shutterless readout). The cameras have an effective aperture size
of 10 cm and are equipped with f/1.4 lenses, resulting in a field of
view of 24◦ x 24◦ per camera. The TESS passband covers the wave-
length range from about 600-1000 nm. Due to their high photomet-
ric precision, time sampling of 2min and long intervals of uninter-
rupted observations, TESS data are well suited to asteroseismology
(Campante et al. 2016).
3.5 The Remote Observatory Atacama Desert (ROAD)
New CCD photometric observations of one target (HD 211394)
were acquired at the Remote Observatory Atacama Desert (ROAD;
Hambsch 2012). All observations were acquired through an As-
trodon Photometric V filter with an Orion Optics, UK Optimized
Dall Kirkham 406/6.8 telescope and a FLI 16803 CCD camera.
The exposure time was 5 s; twilight sky-flat images were used for
flatfield corrections. Reductions were performed with the MAXIM
DL program2. For the determination of magnitudes, the LesvePho-
tometry program3 was employed.
3.6 Method of analysis
The data of our target stars were downloaded from the ASAS-3
website4, the ASAS-SN archive5 and, in the case of Kepler and
TESS data, the Mikulski Archive for Space Telescopes (MAST).6
All light curves were inspected visually. Obvious outliers and data
2 http://www.cyanogen.com
3 http://www.dppobservatory.net/
4 http://www.astrouw.edu.pl/asas/
5 https://asas-sn.osu.edu/
6 https://archive.stsci.edu/access-mast-data
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points with very large uncertainties were carefully removed. In the
case of the ASAS-3 data, measurements with a quality flag of ’D’
(= ’worst data, probably useless’) were deleted.
The time of the ASAS-3 and ASAS-SN observations are pro-
vided in HJD-2450000. Kepler and TESS data, however, are for-
matted as BJD-2454833 and BJD-2457000, respectively. To facili-
tate analysis, Kepler and TESS data have been converted to HJD-
2450000 to bring them in line with the ground-based data.7
The period analysis was done using the program package PE-
RIOD04 (Lenz & Breger 2005), which employs discrete Fourier
transform and allows least-squares fitting of multiple frequencies to
the data. To extract all relevant frequencies, the data were searched
for periodic signals and consecutively prewhitened with the most
significant frequencies. As detection threshold, we adopted S/N≥ 4
(Breger et al. 1993).
4 PRESENTATION AND DISCUSSION OF RESULTS
In this section, we present example results and discuss the light
variability patterns of the HAGDOR variables on the basis of the
HAGDOR star KIC 8113425, which has been extensively studied
by Kurtz et al. (2015) and is here employed as a model case.
4.1 The HAGDOR star KIC 8113425 as a model case
In their investigation of the complex frequency spectra of GDOR,
Slowly Pulsating B stars and Be stars, Kurtz et al. (2015) ex-
tensively studied the HAGDOR star KIC 8113425. It has there-
fore been employed as a model case for a general interpreta-
tion of the light variations of our sample HAGDOR stars which
also include KIC 8113425. Kurtz et al. (2015) noted the complex,
strongly non-linear light variations of this star, which shows a much
larger range at maximum light than minimum light (type ASYM),
and identified 43 frequencies with semi-amplitudes greater than
1mmag that cluster in five frequency groups. All these 43 fre-
quencies can be understood in terms of only four base frequen-
cies ( f1 = 0.430058 d
−1, f2 = 0.450101 d
−1, f3 = 0.461264 d
−1 and
f4 = 0.489414 d
−1) and their combination frequencies up to the or-
der 2 f (e.g. 2 f1, f2 + f3 − f4). To trace and investigate the results
of Kurtz et al. (2015), simulated light curves were calculated based
on the frequency and phase information provided by the aforemen-
tioned authors.
The full Kepler light curve of KIC 8113425 and a detailed
view are shown in the top panels of Figure 4. The other panels of
this figure illustrate the simulated light curves using
a) all 43 frequencies,
b) seven frequencies (four base frequencies and the three de-
tected overtone frequencies 2 f1, 2 f3 and f4),
c) four frequencies (the base frequencies), and
d) one frequency ( f1, the frequency with the largest semi-
amplitude, 0.01455mag).
We have investigated the contribution of the corresponding
frequencies to the total variability amplitude. The base frequency
f1 with its peak-to-peak amplitude of 0.028mag accounts for only
∼21% of the total amplitude (0.137mag) of the observed light vari-
ations. The four base frequencies together add up to an amplitude of
7 In all cases, the calculation of the phase values provided in the presenta-
tion of results has been based on the time basis of HJD-2450000.
Figure 4. The two top panels show the full Kepler light curve of
KIC 8113425 and the light curve in the interval HJD 2455060-80. The
other panels illustrate the simulated light curves using a) 43 frequencies,
b) seven frequencies, c) four frequencies and d) one frequency, as described
in Kurtz et al. (2015).
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Table 3. Frequency solution for HD 211394.
(1) (2) (3) (4) (5)
Freq.No. Frequency Amplitude Phase ID
F1ASAS-3 0.452407 0.049 0.7275 f1
F2ASAS-3 0.371387 0.027 0.6153 f2
F3ASAS-3 0.904804 0.020 0.7111 2 f1
F4ASAS-3 0.823776 0.018 0.6548 f1 + f2
F5ASAS-3 1.276179 0.014 0.6848 f2 + 2 f1
F1ROAD 0.452625 0.051 0.0744 f1
F2ROAD 0.370860 0.026 0.7140 f2
F3ROAD 0.823041 0.020 0.4374 f1 + f2
F4ROAD 0.904372 0.018 0.1150 2 f1
F1Kepler 0.452538 0.04193 0.8082 f1
F2Kepler 0.372089 0.01975 0.7546 f2
F3Kepler 0.905160 0.01774 0.2723 2 f1
F4Kepler 0.824686 0.01274 0.4111 f1 + f2
F5Kepler 0.080533 0.01063 0.3164 f1 − f2
F6Kepler 1.005225 0.01002 0.3856 f3
F7Kepler 0.533652 0.00904 0.2196 2 f1 − f2
F8Kepler 1.357718 0.00816 0.2133 f4
Table 4. Frequency solution for KIC 3441414.
(1) (2) (3) (4) (5)
Freq.No. Frequency Amplitude Phase ID
F1ASAS-SN 1.233502 0.021 0.5729 f1
F2ASAS-SN 1.107843 0.010 0.7617 f2
F3ASAS-SN 1.321001 0.007 0.2928 f3
F1Kepler 1.233479 0.01841 0.1633 f1
F2Kepler 1.107875 0.01237 0.8904 f2
F3Kepler 1.320999 0.00622 0.6805 f3
F4Kepler 0.125600 0.00350 0.1636 f1 − f2
F5Kepler 2.341354 0.00230 0.3444 f1 + f2
F6Kepler 0.543345 0.00176 0.3657 f4
F7Kepler 0.962388 0.00170 0.4148 f5
F8Kepler 2.466959 0.00164 0.6123 2 f1
F9Kepler 1.465986 0.00138 0.7528 f6
F10Kepler 0.087513 0.00134 0.4919 f3 − f1
F11Kepler 1.179790 0.00130 0.4088 f7
F12Kepler 0.213140 0.00120 0.6362 f3 − f2
F13Kepler 0.508685 0.00109 0.6989 f8
F14Kepler 1.661927 0.00109 0.3922 f9
F15Kepler 1.742302 0.00108 0.0020 f10
F16Kepler 1.359081 0.00105 0.6474 2 f1 − f2
F17Kepler 0.034023 0.00102 0.4082 −2 f1 + f3 + f7
F18Kepler 1.652501 0.00095 0.9946 f1 − f4 + f5
about 0.076mag (∼55% of the total amplitude), while the four base
frequencies plus the three overtone frequencies reach an amplitude
of 0.0858mag (∼62%). The 43 frequencies add up to an amplitude
of 0.109mag, which is ∼80% of the total amplitude. According
to the conclusions of Kurtz et al. (2015), suitable combination fre-
quencies can result in considerably larger peak-to-peak amplitudes
than the base frequency alone, as has been shown above. This is
in agreement with the finding that, apart from these special cases,
GDOR variables usually show low amplitudes.
4.2 Light variability pattern of the other HAGDOR variables
Eight stars of our sample boast satellite photometry from Kepler
or TESS that allow a similarly detailed analysis. For the remaining
seven objects with only ground-based observations, however, the
precision and number of available measurements is not sufficient to
perform an analysis of a vast number of frequencies. Nevertheless,
it becomes obvious that all of our sample HAGDOR stars exhibit
multiperiodic variability in a similar way to KIC 8113425: in all
objects, the beating of closely spaced frequencies results in total
amplitudes that considerably exceed the amplitudes of the base fre-
quencies. This leads to the observed ’upward trends’ in the light
curves, as described in Kurtz et al. (2015) and clearly seen for ex-
ample in the light curves of KIC 8113425 (Fig. 4, upper panel),
HD211394 and KIC 3441414 (both Fig. 5). These upward trends
can for example arise if the phase difference of the second harmonic
in relation to the base frequency is nearly zero, as has been observed
for f4 in KIC 8113425. Similar upward trends are clearly present in
the light curves of all other investigated HAGDOR variables, al-
though in ASAS-3 and ASAS-SN data, these are sometimes only
represented by a ’smattering’ of bright data points around the time
of maximum light in the phase diagrams. All HAGDOR stars,
therefore, belong to the ASYM group of Balona et al. (2011) (cf.
also Section 4.3).
As examples, Fig. 5 illustrates the Kepler light curves
of the two HAGDOR stars HD211394 and KIC 3441414.
The large peak-to-peak amplitudes of the observed variations
(0.324 and 0.122mag, respectively) become directly obvious.
HD211394, in particular, is noteworthy because it is one of
the stars with the largest amplitude in our sample. Using
Amp(V) /Amp(Kp)= 1.07(3) (cf. Sect. 2.1), its light variations
reach a peak-to-peak amplitude in V of about 0.35mag, which is
only rivalled by the variability of HD33575 (Amp(V)= 0.35mag).
The corresponding Fourier amplitude spectra are shown in
Fig. 6, the frequency solutions, as derived from the different data
sources, are presented in Tables 3 and 4. Fig. 6 also illustrates the
higher noise level, lower sampling rate and the presence of one-day
alias peaks in the ground-based ASAS-3 and ASAS-SN data. Nev-
ertheless, these data span a much longer time baseline and are still
very much suitable for the goals of the present investigation, which
is also demonstrated by the good agreement between the principal
frequencies derived from the different data sources. We also note
that pulsation amplitudes are higher in V than in the broad-band
Kepler and TESS data, which can also be seen in Fig. 6 (cf. Sec-
tion 2.1).
The frequency solutions for all stars are shown in the Ap-
pendix in Section A. Fourier amplitude spectra of all HAGDOR
stars are presented in Section B.
In summary, we conclude that the observed high amplitudes
in the HAGDOR stars are caused by the presence of multiple,
closely-spaced frequencies and their interactions. In this way, al-
though the maximum amplitude of the primary frequencies does
not exceed an amplitude of 0.1mag, total light variability ampli-
tudes of over 0.3mag (V) can be attained, as for example in the
case of HD211394 and HD33575. This is an interesting result that
shows the need for the revision of the customary GDOR star class
definition and provides important input for pulsational modeling
attempts.
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Figure 5. Detailed view of parts of the Kepler light curves of HD211394 (upper panel) and KIC 3441414 (lower panel), highlighting the beating effects in the
light curves and the high peak-to-peak amplitudes of 0.324 and 0.122mag, respectively. Both stars show light curves of the ASYM type (Balona et al. 2011).
4.3 Comparison of the samples of GDOR and HAGDOR
variables
Several studies have indicated that high-amplitude DSCT (HADS)
stars are distinguished from the lower-amplitude DSCT variables
by several criteria: they generally show only one or two excited ra-
dial modes (usually the fundamental mode and/or first harmonic)
and are mostly slow rotators, which seems to be a requirement for
the observed high-amplitude pulsation (Breger 2000; McNamara
2000). It has also been postulated that HADS stars are in an evolu-
tionary stage that puts them between low-mass classical Cepheids
and high-mass DSCT stars; however, in their investigation of the
physical nature of HADS stars using Kepler data, Balona et al.
(2016) rejected this scenario and found that HADS stars are dis-
tributed randomly across the DSCT instability strip. No physical
attribute was found that separates HADS stars from their low-
amplitude counterparts, although there seems to be a general ten-
dency for the number of combination frequencies to increase with
increasing amplitude of the parent frequencies (Balona et al. 2016).
Further investigation into the relationship between DSCT, HADS
stars and the related low-metallicity SX Phe stars is clearly desir-
able.
Here we investigate the relationship between HAGDOR and
GDOR stars. Their locations in the instability strip (Fig. 3) and
log Teff versus log L/L⊙ diagram (cf. Section 2.2) suggest that
GDOR and HAGDOR stars are not physically distinct objects but
rather a homogeneous group of variables. To further tackle this
question, we have investigated the relation between the primary
variability frequency and the parameters effective temperature and
luminosity (Fig. 7). Both GDOR and HAGDOR stars overlap in
the investigated parameter spaces and no significant correlation was
found. The situation is similar for the semi-amplitudes of the pri-
mary frequencies: although HAGDOR stars tend to show larger
amplitudes, as expected, no distinct boundary between GDOR and
HAGDOR stars is observed but rather a gradual transition and con-
siderable overlap. We have also correlated the two most significant
frequencies and their corresponding semi-amplitudes (Fig. 7, right
panels). Again, while HAGDOR stars tend to show larger ampli-
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Figure 6. Fourier amplitude spectra of HD211394, based on unwhitened
ASAS-3 and Kepler data (upper panel), and KIC 3441414, based on un-
whitened ASAS-SN and Kepler data (lower panel). Note the presence of
numerous alias peaks (identified using brackets) in the ground-based data.
tudes, no significant differences were found between the two in-
vestigated groups. Interestingly, nearly all of the investigated stars
show closely-spaced primary frequencies, which seems to be a
characteristic of the class of GDOR variables.
It is interesting to point out, though, that all HAGDOR stars
have light curves of the ASYM type, whereas the control sam-
ple of GDORs is predominately made up of stars having SYM
light curves. The occurrence of the characteristic beating effects
observed in the ASYM group, therefore, seems to be necessary for
the development of the high variability amplitudes observed in the
HAGDOR stars.
In summary, the here presented evidence – although based
on rather small sample sizes – suggests that GDORs and HAG-
DORs are not physically distinct in any other respect than their
total variability amplitudes but merely represent the low- and high-
amplitude ends of the same, uniform group of variables, with a con-
tinuous progression from low to high total amplitudes.
The G0V star GSC09289-02186 and the G-type giant
GSC04281-00186 (cf. Section 2.2), both belonging to the GDOR
star sample, constitute the most obvious outliers in the diagrams
presented in Figure 7, in particular in the primary frequency ver-
sus effective temperature plot (upper left panel), and deserve spe-
cial mention. These stars exhibit the characteristic variability pat-
terns of GDOR stars and show light curves of the SYM type; how-
ever, both stars are situated outside the traditional boundaries of the
GDOR realm, whose red border is found at a spectral type of ap-
proximately F7 (cf. Section 1). Furthermore, GDOR stars belong
to luminosity classes IV or V by definition (Kaye et al. 1999). The
case of a giant star exhibiting pulsation compatible with a GDOR
type is therefore of interest.
Balona et al. (2011) noticed the occurrence of giant stars with
Teff < 6000K in their sample of GDOR stars with MULT-type light
curves. They surmised that these objects represent solar-type os-
cillators among late G giants. However, the variability pattern of
the giant star GSC04281-00186, which is characterized by two
main pulsations frequencies with rather high amplitudes (Fig. 8),
is vastly different from the variability seen in solar-like pulsating
stars, which show rich frequency spectra of stochastically excited
modes (e.g. Bedding et al. 2010; Chaplin & Miglio 2013).
Interestingly, GSC09289-02186 and GSC04281-00186 ex-
hibit the highest principal pulsation frequencies of all our sample
stars (2.33692 d−1 and 2.16673 d−1, respectively). Further detailed
studies of these objects are encouraged, which might shed light on
their pulsational properties and the mechanisms at work and could,
perhaps, lead to another expansion of the class defintion of GDOR
stars. This, however, is out of the scope of the present investigation.
5 CONCLUSION
We have investigated high-amplitude GDOR (HAGDOR) stars
showing light variability amplitudes well beyond the traditional
0.1mag (V) limit, with the aim of unraveling the mechanisms be-
hind the observed high amplitudes and investigating whether these
objects are in any way physically distinct from regular GDOR stars
(Vamp ≤ 0.1mag). To this end, a sample of 15 HAGDOR stars and
a control sample of 20 regular GDOR stars boasting extensive pho-
tometric time series data were collected.
As a first step, we calculated astrophysical parameters and in-
vestigated our sample stars in the log Teff versus log L/L⊙ diagram.
No significant differences between the location of the HAGDOR
stars and the GDOR stars were found – both groups are well dis-
tributed over the whole main sequence up to log L/L⊙ < 1.1. Em-
ploying publicly available survey data (Kepler, ASAS-3, ASAS-
SN and, in the case of one star, TESS data) and our own observa-
tions, we analyzed the photometric variability of our target stars,
using the well-described HAGDOR star KIC 8113425 (Kurtz et al.
2015) as a model case.
We found that all HAGDOR variables show light curves of
the ASYM type and behave similarly to KIC 8113425 in that they
exhibit multiple frequencies whose beating results in total ampli-
tudes considerably exceeding the amplitudes of the base frequen-
cies. Hence, the high amplitudes observed in the HAGDOR stars
can be explained by the superposition of several base frequencies
in interaction with their combination and overtone frequencies. Al-
though the maximum amplitude of the primary frequencies does
not exceed an amplitude of 0.1mag, total light variability ampli-
tudes of over 0.3mag (V) can be attained in this way – important
input for pulsational modeling attempts. We conclude that a revi-
sion of the traditional amplitude cut-off of 0.1mag (V) for GDOR
stars is necessary. Based on the analyses of the present investiga-
tion, we propose a new cut-off value of 0.35mag (V). We caution,
however, that this conclusion has been based on the analysis of a
small sample and HAGDOR stars with larger amplitudes may be
found subsequently.
To tackle the question whether HAGDOR stars and GDOR
stars are physically distinct objects, correlations between the ob-
served primary frequencies, amplitudes and other parameters like
effective temperature and luminosity were investigated. HAGDOR
stars tend to show larger amplitudes, and nearly all of the in-
vestigated stars exhibit closely-spaced primary frequencies, which
seems to be a general characteristic of the class of GDOR vari-
ables. Apart from that, however, no significant differences were
found; instead, both groups overlap and show gradual transitions
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Figure 8. Fourier amplitude spectrum of the G-type giant pulsator
GSC04281-00186, based on unwhitened ASAS-SN data. The y-axis de-
notes semi-amplitudes, as derived with PERIOD04.
in the investigated parameter spaces. We therefore conclude that
low- and high-amplitude GDOR stars are not physically distinct in
any other respect than their total variability amplitudes but merely
represent two ends of the same, uniform group of variables. How-
ever, we caution that the sample sizes used for our investigation are
small (15 HAGDOR stars and a comparison sample of 20 regular
GDOR stars with total variability amplitudes of 0.05≤V≤ 0.1mag);
our conclusions, therefore, should be confirmed using a larger sam-
ple of stars with good photometric time series observations.
We call attention to the GDOR variables GSC09289-02186
and GSC04281-00186, which exhibit the highest principal pulsa-
tion frequencies of our sample stars. Furthermore, both stars are
situated outside the traditional boundaries of the GDOR realm and
constitute the most obvious outliers in the investigated parameter
spaces. Although some discrepancies in the available data exist,
according to its calibrated astrophysical parameters, GSC04281-
00186 is a G-type giant, which is intriguing as GDOR stars belong
to luminosity classes IV or V by definition. Further detailed studies
of these objects are encouraged.
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APPENDIX A: FREQUENCY SOLUTIONS
In the following, the frequency solutions for all sample stars are
presented in tabular form. Stars are listed in order of increasing
right ascension. In each table, the columns denote: (1) frequency
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number; (2) frequency value; (3) semi-amplitude; (4) correspond-
ing phase; (5) frequency identification. All values have been de-
rived using PERIOD04, as outlined in Section 3.6.
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Table A1. Frequency solution for GSC 02831-00348 (V0758And).
(1) (2) (3) (4) (5)
Freq.No. Frequency Amplitude Phase ID
F1ASAS-SN 1.081484 0.052 0.6574 f1
F2ASAS-SN 1.155404 0.010 0.7579 f2
Table A2. Frequency solution for HD 17721 (HIP 13089).
(1) (2) (3) (4) (5)
Freq.No. Frequency Amplitude Phase ID
F1ASAS-3 0.919238 0.025 0.3389 f1
F2ASAS-3 0.774241 0.007 0.2701 f2
F1TESS 0.919038 0.0192 0.2682 f1
F2TESS 0.776222 0.0090 0.9202 f2
F3TESS 0.653821 0.0057 0.8019 f3
F4TESS 1.120093 0.0056 0.5962 f4
F5TESS 0.196703 0.0045 0.5247 f5
Table A3. Frequency solution for HD 33575 (NSV1858).
(1) (2) (3) (4) (5)
Freq.No. Frequency Amplitude Phase ID
F1ASAS-3 0.773239 0.032 0.3632 f1
F2ASAS-3 0.652773 0.025 0.9155 f2
F3ASAS-3 1.425986 0.024 0.6162 f1 + f2
F1ASAS-SN 0.773220 0.044 0.6462 f1
F2ASAS-SN 0.652721 0.033 0.1973 f2
Table A4. Frequency solution for HD 50875 (NSV3272).
(1) (2) (3) (4) (5)
Freq.No. Frequency Amplitude Phase ID
F1ASAS-3 0.586397 0.026 0.2689 f1
F2ASAS-3 0.692966 0.021 0.5241 f2
F3ASAS-3 0.110471 0.011 0.9279 f2 − f1?
Table A5. Frequency solution for HD 85693 (NSV18291).
(1) (2) (3) (4) (5)
Freq.No. Frequency Amplitude Phase ID
F1ASAS-3 0.888140 0.034 0.8495 f1
F2ASAS-3 0.778475 0.021 0.9916 f2
F3ASAS-3 1.666578 0.014 0.2639 f1 + f2
F4ASAS-3 0.793137 0.012 0.0540 f3
Table A6. Frequency solution for GSC 09046-00646 (ASAS J163451-
6446.3).
(1) (2) (3) (4) (5)
Freq.No. Frequency Amplitude Phase ID
F1ASAS-3 0.846993 0.025 0.9727 f1
F2ASAS-3 0.560801 0.020 0.1025 f2
F1ASAS-SN 0.560868 0.023 0.3169 f2
F2ASAS-SN 0.847028 0.024 0.0205 f1
Table A7. Frequency solution for HD 150538 (NSV20738).
(1) (2) (3) (4) (5)
Freq.No. Frequency Amplitude Phase ID
F1ASAS-3 0.721031 0.033 0.4240 f1
F2ASAS-3 1.140350 0.020 0.9765 f2
F3ASAS-3 1.044124 0.013 0.0028 f3
Table A8. Frequency solution for KIC 3847822 (TYC3134-2121-1).
(1) (2) (3) (4) (5)
Freq.No. Frequency Amplitude Phase ID
F1ASAS-SN 0.829894 0.018 0.5224 f1
F2ASAS-SN 0.963088 0.017 0.3484 f2
F3ASAS-SN 0.915570 0.011 0.0795 f2
F1Kepler 0.829875 0.01600 0.6923 f1
F2Kepler 0.963154 0.01494 0.7443 f2
F3Kepler 0.915471 0.00771 0.8871 f3
F4Kepler 1.096999 0.00762 0.9753 f4
F5Kepler 0.133330 0.00673 0.5757 f2 − f1
F6Kepler 0.085594 0.00347 0.0515 f3 − f1
F7Kepler 0.047627 0.00345 0.1426 f2 − f3
F8Kepler 0.267117 0.00339 0.1179 f4 − f1
F9Kepler 0.133790 0.00420 0.3820 f4 − f2
F10Kepler 0.781546 0.00277 0.0652 f5
F11Kepler 0.181559 0.00259 0.7470 f4 − f3
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Table A9. Frequency solution for KIC 3441414 (GSC03134-00901).
(1) (2) (3) (4) (5)
Freq.No. Frequency Amplitude Phase ID
F1ASAS-SN 1.233502 0.021 0.5729 f1
F2ASAS-SN 1.107843 0.010 0.7617 f2
F3ASAS-SN 1.321001 0.007 0.2928 f3
F1Kepler 1.233479 0.01841 0.1633 f1
F2Kepler 1.107875 0.01237 0.8904 f2
F3Kepler 1.320999 0.00622 0.6805 f3
F4Kepler 0.125600 0.00350 0.1636 f1 − f2
F5Kepler 2.341354 0.00230 0.3444 f1 + f2
F6Kepler 0.543345 0.00176 0.3657 f4
F7Kepler 0.962388 0.00170 0.4148 f5
F8Kepler 2.466959 0.00164 0.6123 2 f1
F9Kepler 1.465986 0.00138 0.7528 f6
F10Kepler 0.087513 0.00134 0.4919 f3 − f1
F11Kepler 1.179790 0.00130 0.4088 f7
F12Kepler 0.213140 0.00120 0.6362 f3 − f2
F13Kepler 0.508685 0.00109 0.6989 f8
F14Kepler 1.661927 0.00109 0.3922 f9
F15Kepler 1.742302 0.00108 0.0020 f10
F16Kepler 1.359081 0.00105 0.6474 2 f1 − f2
F17Kepler 0.034023 0.00102 0.4082 −2 f1 + f3 + f7
F18Kepler 1.652501 0.00095 0.9946 f1 − f4 + f5
Table A10. Frequency solution for KIC 7448050
(ASAS J193103+4302.1).
(1) (2) (3) (4) (5)
Freq.No. Frequency Amplitude Phase ID
F1ASAS-SN 1.139451 0.031 0.9378 f1
F2ASAS-SN 1.043578 0.014 0.3619 f2
F3ASAS-SN 1.560555 0.013 0.7565 f3
F4ASAS-SN 2.278806 0.006 0.8760 2 f1
F1Kepler 1.139452 0.02766 0.9283 f1
F2Kepler 1.043526 0.01312 0.7471 f2
F3Kepler 1.560513 0.00949 0.0753 f3
F4Kepler 1.282439 0.00790 0.7678 f4
F5Kepler 0.421057 0.00404 0.0003 f3 − f1
F6Kepler 1.785288 0.00347 0.2634 f5
F7Kepler 0.237194 0.00311 0.8573 f4 − f2
F8Kepler 2.182984 0.00298 0.9297 f1 + f2
F9Kepler 1.376648 0.00297 0.0357 f6
F10Kepler 1.399469 0.00279 0.0933 f7
F11Kepler 0.142968 0.00277 0.8800 f4 − f1
Table A11. Frequency solution for KIC 6953103
(2MASSJ19325124+4228465).
(1) (2) (3) (4) (5)
Freq.No. Frequency Amplitude Phase ID
F1Kepler 1.287599 0.03357 0.7980 f1
F2Kepler 1.115789 0.02269 0.5773 f2
F3Kepler 1.198750 0.02199 0.1149 f3
F4Kepler 0.171818 0.00959 0.0547 f1 − f2
F5Kepler 0.088856 0.00802 0.6031 f1 − f3
F6Kepler 1.026945 0.00601 0.7031 f2 + f3 − f1
F7Kepler 2.403390 0.00534 0.6671 f1 + f2
F8Kepler 1.254955 0.00517 0.4008 f4
F9Kepler 0.071200 0.00505 0.3261 f5 − f1
F10Kepler 1.358803 0.00461 0.3727 f5
F11Kepler 2.486359 0.00467 0.1549 f1 + f3
F12Kepler 1.376442 0.00452 0.7867 2 f1 − f3
F13Kepler 2.575187 0.00428 0.9824 2 f1
F14Kepler 2.314550 0.00386 0.8803 f2 + f3
F15Kepler 1.186985 0.00374 0.1643 − f1 + f2 + f5
F16Kepler 1.459425 0.00344 0.1386 2 f1 − f2
F17Kepler 0.082985 0.00338 0.2898 − f2 + f3
F18Kepler 0.943990 0.00319 0.8789 − f1 + 2 f2
F19Kepler 2.474589 0.00306 0.2586 f2 + f5
F20Kepler 1.132902 0.00305 0.4786 f6
Table A12. Frequency solution for KIC 8113425
(2MASSJ19474808+4354257).
(1) (2) (3) (4) (5)
Freq.No. Frequency Amplitude Phase ID
F1ASAS-SN 0.429956 0.014 0.7265 f1
F2ASAS-SN 0.489422 0.011 0.2704 f2
F3ASAS-SN 0.449965 0.008 0.2736 f3
F1Kepler 0.430055 0.01428 0.5268 f1
F2Kepler 0.489411 0.01285 0.9223 f2
F3Kepler 0.450101 0.00990 0.1920 f3
F4Kepler 0.461260 0.00763 0.4039 f4
F5Kepler 0.919451 0.00706 0.7664 f1 + f2
F6Kepler 0.950674 0.00636 0.4393 f2 + f4
F7Kepler 0.891334 0.00483 0.9490 f1 + f4
F8Kepler 0.059311 0.00445 0.6557 f2 − f1
F9Kepler 0.978781 0.00418 0.3443 2 f2
F10Kepler 0.008106 0.00352 0.8156 f1 + f2 − f3 − f4
F11Kepler 0.398841 0.00363 0.3539 2 f1 − f4
F12Kepler 1.380730 0.00328 0.2701 f1 + f2 + f4
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Table A13. Frequency solution for KIC 7304385 (ASASJ195052+4248.1).
(1) (2) (3) (4) (5)
Freq.No. Frequency Amplitude Phase ID
F1Kepler 1.269238 0.02562 0.9781 f1
F2Kepler 1.418047 0.02075 0.1262 f2
F3Kepler 1.462331 0.00796 0.6361 f3
F4Kepler 0.148812 0.00671 0.0651 f2 − f1
F5Kepler 1.487632 0.00467 0.1299 f4
F6Kepler 2.687285 0.00408 0.4037 f2 + f1
F7Kepler 1.120411 0.00296 0.9132 2 f1 − f2
F8Kepler 1.243951 0.00301 0.9347 f1 + f3 − f4
F9Kepler 2.538475 0.00294 0.2640 2 f1
F10Kepler 0.635646 0.00242 0.1740 f5
F11Kepler 0.193106 0.00242 0.5330 − f1 + f3
F12Kepler 1.566863 0.00229 0.4698 2 f2 − f1
F13Kepler 1.076156 0.00234 0.8462 2 f1 − f3
F14Kepler 1.180661 0.00211 0.3085 f1 − 2 f3 + 2 f2
F15Kepler 0.152996 0.00184 0.8403 −2 f1 + f2 + 2 f5
F16Kepler 2.053669 0.00175 0.5396 f2 + f5
F17Kepler 1.116238 0.00167 0.9054 f6
F18Kepler 1.095130 0.00166 0.9118 2 f1 + f3 − f2 − f4
F19Kepler 1.031884 0.00152 0.2022 2 f1 + f2 − 2 f3
F20Kepler 1.378640 0.00152 0.8504 f1 + 2 f6 − f4 − f5
F21Kepler 2.836090 0.00150 0.6154 2 f2
Table A14. Frequency solution for HD 211394 (BD-17 6481).
(1) (2) (3) (4) (5)
Freq.No. Frequency Amplitude Phase ID
F1ASAS-3 0.452407 0.049 0.7275 f1
F2ASAS-3 0.371387 0.027 0.6153 f2
F3ASAS-3 0.904804 0.020 0.7111 2 f1
F4ASAS-3 0.823776 0.018 0.6548 f1 + f2
F5ASAS-3 1.276179 0.014 0.6848 f2 + 2 f1
F1ROAD 0.452625 0.051 0.0744 f1
F2ROAD 0.370860 0.026 0.7140 f2
F3ROAD 0.823041 0.020 0.4374 f1 + f2
F4ROAD 0.904372 0.018 0.1150 2 f1
F1Kepler 0.452538 0.04193 0.8082 f1
F2Kepler 0.372089 0.01975 0.7546 f2
F3Kepler 0.905160 0.01774 0.2723 2 f1
F4Kepler 0.824686 0.01274 0.4111 f1 + f2
F5Kepler 0.080533 0.01063 0.3164 f1 − f2
F6Kepler 1.005225 0.01002 0.3856 f3
F7Kepler 0.533652 0.00904 0.2196 2 f1 − f2
F8Kepler 1.357718 0.00816 0.2133 f4
Table A15. Frequency solution for GSC 02780-02174 (TYC2780-2174-1).
(1) (2) (3) (4) (5)
Freq.No. Frequency Amplitude Phase ID
F1ASAS-SN 1.059750 0.034 0.3190 f1
F2ASAS-SN 1.245288 0.013 0.8264 f2
F3ASAS-SN 1.476331 0.008 0.9466 f3
F4ASAS-SN 1.114903 0.008 0.4843 f4
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APPENDIX B: FOURIER AMPLITUDE SPECTRA
This section provides the Fourier amplitude spectra of all HAG-
DOR stars, based on unwhitened data. The y-axes denote semi-
amplitudes, as derived with PERIOD04. The employed data source
is indicated in the panels. More information on the period analysis
is provided in Section 3.6.
This paper has been typeset from a TEX/LATEX file prepared by the author.
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Figure B1. Fourier amplitude spectra for all HAGDOR stars, based on unwhitened data. The employed data source is indicated in the panels.
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Figure B1. Fourier amplitude spectra for all HAGDOR stars, based on unwhitened data. The employed data source is indicated in the panels.
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Figure B1. Fourier amplitude spectra for all HAGDOR stars, based on unwhitened data. The employed data source is indicated in the panels.
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